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ABSTRACT 

The main objective of this study is to compare the trophic behaviour of two macroarthropod species belonging to two 
different invertebrate groups - Diplopoda and Isopoda - but which are T apparently, morphologically similar and have a 
similar defence, armadillo behaviour (roller species); Glomeris marginata (Vi tiers) and Armadiltidium vulgar? (Latrdlle). 
Onisctis asellus Linn£, a dinger species, was also taken into account. These species coexist tn the soil of Fontainebleau 
and Montmorency Forests, They feed on beech, oak and chestnut litter. Three dasses of leaf litter were rested out: 1 
Litter of the year; dark leaves, thick, with few or no rotting spots; II Old litter; dark leaves, thick but thinner than in I., 
with light rotting spots; and, IN. Old litter; bleached, thin leaves. A Studcnt-t test of the data shows that the Lhree 
species have a similar trophic behaviour concerning the chestnut titter, but a different one concerning the litter of both 
beech and oak. 


RESUME 

Preferences alimenlaires de trois macroarthropodes edaphiques (elude preliminaireK 

Le principal objectif de cette etude esl de comparer le comportemenl trophique de deux especes de macroarthropodes 
appartenant a deux groupes different d'invertebras - Diplopoda et Isopoda - mais qui $ont, en apparence, 
morphologiquement semblables et ont un comportemenl de defense simiiaire en se roulant en boule ; Glomeris marginata 
(Villcrs) et Armadillidutm vulgar# (Lalreillek Oniscus aselius Linne, isopode Jepourvu de capacite de volvation, a il6 
aussi pns en compte. Ccs especes coexistent dans le£ sols des forets de Fontainebleau et de Montmorency, Elies se 
nouirisseni de liti&re de hetre, de chcne et de chataignier On a teste trois classes de litiere : I. Litiere de l'annee ; feuilles 
sombres, epaisses, sans ou avec peu de Laches de pourriture blanche ; II. Li here des annees pr^cedentes ; feuilles s ombres, 
6paisses. mais plus minces qu'en 1 , avec des Laches ciaircs de pourriture blanche ; et. 111. Litiere des annees precedentes ; 
feuilles minces, blanchies. L'application aux donn£es du test-t dc Student a montre que les individus de ces trois especes 
darthropodes presentent un comportemenl trophique simiiaire en ce qui concerne la litiere de chataignier, mais different 
vis-ft-vis des bribes de hetre et de chene. 


INTRODUCTION 

The main objective of this study was to compare the trophic behaviour of two soil 
macroarthropod species belonging to two different invertebrate groups, Diplopoda and Isopoda, 
but which are, apparently, morphologically similar and have a similar rolling defence, 
“armadillo” behaviour: Glomeris marginata (Villers) and Annadillidium vulgare (Latreille). Few 
studies compare these two macroarthropod species. In general, they compare either the two 
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isopods A, vulgare and Oniscus aselhts Linne, or the latter species with G. marginata (e.g, 
HARTENSTEIN, 1964; NEUHAUSER & HARTENTSTEIN. !978: HASSALL & RUSHTON. 1984; 
Ineson &. Anderson, 1985; Sutton & Harding, 1989). One of the few authors that 
compared these two species of isopods with one species of Glomeris, not G. marginata hut G. 
connexa Koch, was DUNGER (I95S). However, these three species coexist in the same 
ecosystem we studied several years ago, a beech woodland; La Tillaie in Fontainebleau Forest 
(MEZIANE, 1976; C ANGELA da FONSECA & MEZJANE, 1978). This is why O. aselhts is also 
taken into account. 

Our aim was to study comparatively the ecological niches of two roller species coming 
from two different arthropod classes (Crustacea and Diplopoda) and their differential roles on the 
breakdown of forest litter. For this, one of the points was to detail the trophic preferences of 
such species. This preliminary work presents some significant results related to litter 
preferences, useful for the comprehension and development of future studies dealing with 
Comparative ecological importance of individuals and populations forming such '‘functionnal 
macroarthropod groups”. 


MATERIAL AND METHODS 

The two roller species studied here are A vulgare (AVU)and G, marginata (GMA). and ihe clinger species. 
O, aselhts (GAS)* 

All were present in bolb the Fontainebleau and Montmorency Forest ground floors. They feed on litter. Three 
types of tiller were given to them in our experiments: Beech litter {Fa gas sylvatica Linne - FSY), Oak litter (Quercus 
sessitifiora Salisbury - QSE) and Chestnut litter (Castanea saliva Miller - CSA). Three classes of litter were used under the 
experimental conditions : I Litter of the year, autumn 1976; dark leaves, thick, with few or no rotting spots; []. Old 
Inter of the years before 1976; dark leaves, thick hut thinner than in I . with light rotting spots; and. III. Old litter of the 
years belore 1976; hfeached. thin leaves. Five replicates were done with a number of leaves variable according to the 
number ol leaves available in each class. The emphasis was put on the beech litter The experiments were made at room 
conditions of about 15-1 DC and 8091 R.H tram May to November 1977. Each adult, after 48 hours with no food 
(Fasting!, was put in contact wiLh each type of litter for a period of 1 days. 

rite consumption rates (in %) were evaluated by assessing the area of the leaves eaten by each adult in relation to 
the total leaf area available. The numerical results (Table I. Fig. I) were analysed by the Student-i test (Table 2). 


RESULTS 

First of all, the three species, but mainly the millipede G. marginata and the woodlouse 
O. aselhts , have a clear preference to the chestnut litter (classes I, II and III), and a significant 
avoidance, less for G. marginata , of the beech litter of the year (class I). However, the most 
important antagonistic difference of the feeding behaviour between the millipede G. marginata 
and the woodlouse A. vulgare concerns the almost complete avoidance of, respectively, the oak 
and the beech litter of the year (class I). The same kind of opposition concerned their preferences 
to the old, thick beech litter (class II). In relation to G. marginata, O. aselhts has a trophic 
behaviour similar to that of A. vulgare , except for the old. thick beech litter (class II). 

Furthermore, A. vulgare seems to prefer the thick chestnut and oak litter to the beech one 
(classes I and II), while G. marginata seems to prefer the beech litter to the oak litter of the year 
(class I), the chestnut litter to the oak and the beech litter of the year (class I), and the old, thick 
chestnut litter to the old, thick beech litter (class II). O. asellus prefers the chestnut and the oak 
littej ot the year to the beech one {class 1), and the whole old chestnut litters to those of beech 
(classes II and III). 

Comparing the frequency profiles of the data some “odd” data were excluded. This mainly 
increased the significant differences already observed. However, some significant differences 
appeared, but above all for the classes with rather few data. 
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Table 1. Mean consumption rates i%) of litter classes by GlotueHs marginata, Armadillidium vulgare and Oniscus 
asellus. x = Corrected means, 


Tree species 

Litter 

classes 

G. marginata 

No. of 

leaves xisx 

A. 

No, of 
leaves 

vulgare 

X±Sx 

O. asellus 

No. of 

leaves ;x±s x 

F sylvatica 

I 

27 

36.71 7.4 

28 

14.5+ 4.0 

24 

I1.8± 2.0 


tx 



25 

8.0+ 1.9 




II 

36 

4631 5.8 

37 

29.3+ 4.7 

41 

43.6+ 4.4 


I lx 



34 

24,6± 3.9 

39 

45.8+ 4.3 


in 

6 

27.1 + 15.5 

8 

47.8+11.8 

9 

53.6±10.5 


nix 

5 

13.4± 8.9 

7 

53.8+11.7! 

8 

60.3+ 9.1 

Qr sessiliflora 

I 

8 

7,3± 4.7 

8 

52.2110.6 

4 

48.1+ 8.7 


lx 

7 

3,01 23 

7 

58.2110.1 




U 

II 

54.21143 

H 

52.21 8,9 

17 

54.4± 7.4 


lix 

9 

60.1114,7 

10 

62.71 8.6 

16 

57.2+ 7.3 


in 

6 

42.6113,8 

6 

51 3115.8 

r 

64.3+23.1 


nix 

5 

51 11133 

5 

60.9115,3 

2 

87.3+ 4.7 

C. saliva 

i 

7 

82.1± 7.3 

10 

56.6+ 9.5 

10 

68.9± 9.1 


f X 



9 

51.8± 8.9 

9 

75.7+ 6.6 


11 

12 

78.I± 8.2 

7 

66.9+ 9.6 

4 

75.8+ 9.6 


Ilx 

] 1 

85.2+ 4.5 






III 

5 

76.2±! 9,! 

7 

71. till.4 

9 

83.5+ 7,6 


IIlx 

4 

95.3+ 2.0 

8 

88.9± 6.1 




DISCUSSION AND CONCLUSION 

In the beech woodland of “La Tillaie” (Fontainebleau Forest) of the three macroarthropod 
species. A. vulgare was dominant (72%) followed by O. asellus (15%) and G. marginata (13%) 
(February 1972-January 1973; MEZIANE. 1976). Their coexistence in time and space, measured 
in terms of "activity behaviour ’ by pitfall trap method, was more important for G. marginata 
and A. vulgare (SCHOENER's index Rt=0.636 and Rs=0.746) than for G. marginata and O. 
asellus (Rt=0.583 and Rs=0.604), while, for A. vulgare and O. asellus. it was somewhat higher 
in time (Rt=0.652) and lower in space (Rs=0.563). Their spatial distribution was also different: 
more random for G. marginata (negative binomial distribution parameter k=8.48), more 
aggregative for O. asellus (k=0.62), and for A. vulgare in between (k=3.2I). Though the 
surface of the site studied was not very large, its central part was not covered by herbaceous 
vegetation, only by beech litter, but their peripheric borders have a great number of 
mesohabitats, like fallen beech trunks and branches, decayed logs, small grassy patches, several 
holly bushes, and a small grassland glade. Thus, as the three species were present everywhere 
and coexist in this site, they can easily overlap part of their ecological niches. Nevertheless, they 
had some habitat preferences: G. marginata for the uncovered Utter, O. asellus for the decayed 
wood places, and A. vulgare for the grassy patches and the small grassland glade. It is well 
known that G. marginata prelers woodland to grassland soils where it inhabits very often with 
A. vulgare, which prefers them, and that O. asellus prefers woodland soils and decayed wood 
(WARBURG. 1968; WALLWORK, 1976: RUSHTON & HASSALL, 1983; HASSALL & RUSHTON, 
1984; SUTTON & HARDING, 1989). 


Source. 
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Table 2, — Significant trophic preferences between Glomeris marginata, Armadillidtum vulgar# and O ruse us asellus. 
[n brackets; a) Classes of litter; b) Corrected means. 

Significance: n.s. — not significant; * = 0,Q5>P>0.01; ** 0,01>p>0.00i; *** - P<0.0GL 


Species 

Type of preferences 

Consumption rales (%) 

P<5% 

G marginata 

Over A. vulgare: 





Thick BEECH litter of the year (I) 

36.7 vs 

14.5 

* 



136.7 vs 

8.0 

***) 


Thick, old BEECH Inter ill) 

46.3 vs 

29.3 

* 



(46.3 vs 

24,6 

**) 


.Over 0. asellus: 





Thick BEECH liner of the year ( I ) 

36.7 vs 

1! .8 



.Thick BEECH litter of the year (1) 

36.7 vs 

7.3 

* 


vs thick OAK liner of the year (I) 

(36,7 vs 

3.0 

*) 


Thin, old OAK liner (III) 

42.6 vs 

27,1 

n.s* 


vs thin T old BEECH litter (III) 

(51.1 Vs 

13,4 

*) 


Thick CHESTNUT litter of the year (I) 

82.1 vs 

36.7 

* * 


vs thick BEECH litter of the year (I) 





.Thick, old CHESTNUT litter (II) 

78,1 vs 

46.3 

* * 


vs thick, old BEECH litter (II) 

(85,2 vs 

46.3 



.Thin, old CHESTNUT litter till) 

76.2 vs 

27.1 

tl.S. 


vs thin, old BEECH litter (HI) 

(95.3 vs 

13.4 

***) 


.Thick CHESTNUT litter of the year (I) 

82. i vs 

13 

** * 


vs thick OAK Jitter of the year (I) 

(82,1 vs 

3.0 

*** j 


Thin, old CHESTNUT litter (III) 

76.2 vj 

42.6 



vs thin, old OAK litter (III) 

(95.3 vs 

51.1 

*) 


.Thick, old BEECH litter (0) 

46,3 vs 

27. 1 



vs thin, old BEECH litter ifll) 

(46.3 vs 

13.4 

*) 


.Thick, old OAK litter f U) 

54,2 vs 

7.3 

* 


vs chick OAK litter of the year (I) 

(60.1 vs 

3.0 

***) 


.Thin, old OAK litter (III) 

42,6 vs 

7,3 

* 


vs thick OAK litter of ihe year (I) 

(51.1 vs 

3.0 

**) 


Species 

Type of preferences 

Consumption rates (%) 

P<5% 

A. vulgare 

Over G. marginata: 




Thick OAK litter of the year (I) 

52.2 vs 7.3 

*.** 



(58.2 vs 3.0 

* * * j 


Thin, old BEECH litter (III) 

47.9 vs 27.1 




(53.8 vs 13.4 

*> 


.Thick OAK litter of the year (!) 

52.2 vs J 4.5 



vs thick BEECH liner of ihe year ([) 

(58.2 vs 8,0 



.Thick, old OAK litter (II) 

52.2 vs 29.3 

* 5 


vs thick, old BEECH liner (H) 

(62.7 vs 24.6 



Source 
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A. vulgare 

Thick CHESTNUT litter of the year (]) 

56.6 vs 

14.5 


(continued) 

vj thick BEECH litter of the year (1) 

(51.8 vj 

8.0 



.Thick, old CHESTNUT litter III) 

66,9 vs 

29.3 

* * 


vs thick, old BEECH litter (II) 

(66.9 vs 

24,6 



.Thick, old BEECH litter (II) 

293 vs 

14.5 

* 


vs thick BEECH litter of the year (I) 

(24.6 vj 

8.0 

j|i * j 


Thin, old BEECH litter (III) 

47,8 vj 

14.5 

* * 


vs thick BEECH titter of the year (!) 

(53.8 vj 

8 t G 



Thin, old BEECH litter (III) 

47,8 vj 

29,3 

n.$. 


vs thick, old BEECH litter (II) 

(53,8 vj 

24,6 

**> 


Species 

Type of preferences 

Consumption rates {%) 

?<5% 

0. astilus 

.Over G. marginata ; 





Thick OAK litter of the year (l) 

48. 1 vj 

7.3 

* * 



(48.1 vj 

3,0 



Tliin, old BEECH litter fill) 

53,6 vj 

27 J 

n,s> 



(60.3 vj 

13,4 

* * j 


Over A . vulgarei 





Thick, old BEECH Jitter (II) 

43.6 vj 

29,3 

* 



(45,8 vj 

24,6 



Thick OAK litter of the year (I) 

48.1 vj 

IL8 

* ** 


vj thick BEECH Jitter of the year (I) 





.Thick CHESTNUT litter of the year (I) 

68,9 vs 

11.8 



vj thick BEECH Jitter of the year (T) 

{75,7 vs 

1 1.8 

* j 


Thick, old CHESTNUT litter (Ilj 

75.8 vj 

43.6 

* 


vj thick, old BEECH litter (II) 

(75.8 vs 

45.8 

*) 


Thin, old CHESTNUT Jitter (III) 

83,5 vj 

53.6 

* 


vj thin, old BEECH litter (III) 

(88,9 vj 

60.3 

*> 


Thick CHESTNUT litter of the year (I) 

68,9 vs 

48.1 

n.s. 


vj thick OAK litter of the year (!) 

(75.7 vj 

48.1 

*) 


Thick, old BEECH litter (II) 

43.6 vj 

11.8 

* * * 


vj thick BEECH litter of the year (I) 

(45.8 vs 

11.8 

***) 


Thin, old BEECH litter (III ) 

53.6 vs 

IJ.8 

* * s# 


vj thick BEECH litter of the year (1) 

(60.3 vj 

11.8 

***) 


Thin, old OAK litter (III) 

64.3 vs 

4K1 

n,s. 


vj thick OAK litter of the year (I) 

(87,3 vj 

48,1 

*) 


Fontainebleau Forest is mainly a beech-oak forest while Montmorency Forest has also chestnut 
woods. This is why our experimental trophic research concerned principally beech litter and 
secondly oak and chestnut litter. Laboratory results showed significant trophic differences 
between the three macroarthropod species in relation to the consumption rates of beech and oak 
litter. No significant differences being observed in relation to the consumption rates of chestnut 
litter. Thus, the pill millipede, G. marginata, avoids the thick oak litter of the year (which was 
also observed by GEOFFROY el ai, 1987) more intensely than the tw o woodlice, A. vulgare and 


Source 
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Fig. I. 
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— Consumption rales < %) of three classes of liner (1, n. Ml) by one pill-mill Specie ( G . marginata) and two 
voodlice (A. vutgare and O. asellus) adult individuals fed on Fog us sylvaiica (FSY), Ouercus sessitiflora (OSE) and 
Mstanea sativa (CSA) leaves. 
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O. asellus , avoid the thick beech litter of the year. These two species have a similar trophic 
behaviour against that of G. marginata behaviour which is also showed by their preferences to 
the thin, old beech litter. However, some significant differences were observed between them.O. 
asellus preferring the thick, old beech litter more than A. vulgare. Moreover, the three species 
prefer the chestnut litter to the other types of litter. Though, this was also observed by 
ANDERSON (1973), it seems no to be directly attribuable to the nitrogen contents, the C/N ratio 
or even the polyphenol contents of the leaf litter. The same was pointed out by NEUHAUSER & 
Hartenstein (1978) which indicates however that Fagus and Quercus litter are “scarcely 
palatable" to A. vulgare and O. asellus. Nevertheless, BECK & BRESTOWSKY 11980) say that 
O. asellus grew better on freshly fallen leaves of beech and oak than on overwintered ones 
which contradicts DUNGER (1958) and PlEARCF, (1989) observations. In our essays, they 
preferred significantly the thick oak litter of the year to the thick beech litter of the year, contrary 
to G. marginata. It seems, however, that the pill millipede is not very common on the beech 
woods (WALL WORK. 1976), but more common in mixed beech-oak woodlands when oak 
leaves form part of the litter (VanDer Drift, 1951 ). In any case, all species preferred old litter 
to Ireshly fallen one. The freshly fallen leaves have normally high polyphenol, like lignin, and 
tannin contents which inhibit their feeding by the animals (MILLER & CAMERON, 1983; 
RUSHTON & HASSALL. 1983; Hassall & Rushton. 1984; GUNNARSSON, 1987; 
Mocquard et at.. 1987; JAMBU e/ ai. 1988). 

Besides, it is well known that microorganisms are able to degrade the phenolic and tannin 
compounds of the leaves, and by that way to render them more palatable to the animals 
(DUNGER, 1958; Hassall & rushton. 1984; Gunnarsson, 1987; BlGNELL. 1989). This 
can justify the preferences for the old litter, but the preferences for the litter of the year need a 
more detailed biochemical research. 
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